This communication describes a few of the intramolecular models which have been studied in this laboratory in order to ascertain the kinetic effect of steric compression on an intramolecular catalysis of the hydrolysis of an ester bond. In enzyme catalysis the 'bond making and breaking processes occur, within, a complex of enzyme and substrate (ES) presumably via the participation of particular functional groups at the "active site." For the case of certain esteratic enzymes an intracomplex nucleophilic displacement of -OR' from R -CO -OR' to give an acyl enzyme as an intermediate is involved. Thus, for the enzyme ficin, a
This communication describes a few of the intramolecular models which have been studied in this laboratory in order to ascertain the kinetic effect of steric compression on an intramolecular catalysis of the hydrolysis of an ester bond. In enzyme catalysis the 'bond making and breaking processes occur, within, a complex of enzyme and substrate (ES) presumably via the participation of particular functional groups at the "active site." For the case In B the 3,i-dimethyl substitution hinders rotation of the COO-and COOR groups away from each other (gem-dimethyl effect7) and thus sterically compresses the ground state somewhat toward the transition state. The nucleophilic displacement in C is favored over that in A because fewer bonds need be frozen into position upon entering the transition state in C as compared to X (cf. Brown, Brewster, and Schecter rule8 dealing with relative stabilities of five, versus six membered rings with exocyclic double bonds). In D, the attacking carboxyl group and the ester bond are locked together in an eclipsed conformation by the endoxo bridge. The ester D possesses a stereochemistry very similar to that of the transition state in contrast to A which permits free rotation of the reacting groups around the three carboncarbon bonds.
It is also noteworthy that the relative rate (k2) for anhydride solvolysis (akin to the deacylation step in I) is not decreased with increasing compression. This may be easily explained by assuming that the attack of OH-ion on the anhydride molecule is the rate limiting step OH 0-
Thus, the compression which increases k, (the rate of anhydride formation) need not have an influence on anhydride opening, since the effect does not enter into the rate determining step (k4). A completely analogous type of steric control could be operative in enzymic reactions involving double displacements.
These experimental results point to the tremendous enhancement of rate that an enzyme could achieve by fixing the reacting species in a steric conformation closely resembling that of the transition state for the reaction. A detailed account of "The Effect of Geminal Substitution, Ring Size and Rotamer Distribution on the Intramolecular Catalysis of Ester Hydrolysis" will be submitted to the Journal of the American Chemical Society.
